Paths to a low-carbon economy—The Masdar example  by Nader, Sam
   
Energy
Procedia
Energy  Procedia  00 (2008) 000–000 
www.elsevier.com/locate/XXX
Available online at www.sciencedirect.com
GHGT-9 
Paths to a low-carbon economy – the Masdar example   
Sam Nader1*
Masdar, Abu Dhabi Future Energy Company, PO Box 54115, Abu Dhabi, UAE 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
The urgent need to combat climate change is becoming a key determinant of the economic development paths of all nations.  
Economic growth remains a priority for national governments. However this growth is, increasingly, being measured by the 
effectiveness of the steps taken to protect the environment, including control of Greenhouse Gas (GHG) emissions. As the 
international community moves toward an effective global regime to price the use of carbon, some nations are already putting 
initiatives in place in order to take a leadership role in the drive to develop low-carbon economies. Masdar, an initiative of the 
Government of Abu Dhabi, in the United Arab Emirates, is working on a broad slate of renewable energy and sustainability 
technologies in order to generate the skills, institutions and intellectual capital necessary for a low carbon future.  Two:  Masdar 
City, a carbon neutral, zero waste urban development and a world scale carbon capture and storage project, illustrate the thrust of 
Masdar’s efforts.  By scaling up applications of existing renewable technologies, integrating them into effective systems and 
encouraging innovation, Masdar aims to become a leader in next generation energy and sustainability. 
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1. Introduction
The purpose of this paper is to illustrate the way governments can, through targeted investment, regulation and 
policies, create a framework for the transition to a low carbon, environmentally friendly, sustainable economic 
future.  
The challenges, technological, social and financial, are many and the author does not, in any way, underestimate 
them. However a start must be made somewhere. Existing economic structures, at national, regional and 
international level, have failed to generate effective answers to the great environmental challenges facing humanity. 
Global warming is an existential issue. It is no exaggeration to say that, if we fail to create sustainable, low carbon 
economies, humanity’s future looks bleak. 
The Government of the Emirate of Abu Dhabi, the capital of the United Arab Emirates, decided in 2006 that it 
must address the economic and environmental challenges of the 21st Century. Prosperous from the production of 
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hydrocarbons, and possessing significant financial resources, the Abu Dhabi Government understood that the 
environmental, technological and political change that is underway could not be ignored.
It decided, through one of its investment arms2, to allocate substantial financing for a broad-based initiative to 
address the changes underway and come up with workable, economic responses. The long-term aim is to generate 
the human and intellectual capital necessary to position Abu Dhabi, and the UAE, as world leaders in industries 
based on low carbon technologies. 
The Masdar Initiative began work in 2006, adopted a multi-pronged, global approach. To spur innovation, it 
invests in renewable energy and sustainable technologies, from research and development (R&D) startups to 
commercial operations. Seeking involvement in all parts of the global low carbon value chain, it develops projects, 
establishes joint ventures and acquires companies with promising technology. 
Masdar is applying renewable technologies at utility scale. Through this process of scaling up applications, 
Masdar is confronting a broad variety of technological, project development and economic challenges.  This is 
allowing Masdar to acquire, or generate, the capability and skills needed in order to become a leading provider of 
clean energy and sustainable technologies. 
Such a broad initiative cannot be fully described in a single paper. So two of the most significant, and indicative, 
projects have been chosen as illustrations:  Masdar City, a large-scale, carbon neutral, zero waste urban development 
and a world scale carbon capture and storage (CCS) project. 
2. Masdar City 
Masdar City, a carbon-neutral, zero waste urban community in the heart of Abu Dhabi, is one of the Masdar 
Initiative’s largest and most significant projects. Its large scale, integrated application of renewable energy 
technologies and sustainable living principles will demonstrate to the world that it is possible, using today’s 
technologies, to live comfortably with minimal environmental impact.  
Completely powered by renewable energy, and covering an area of more than seven square kilometres, Masdar 
City will have the capacity to house 40,000 residents, and host a range of businesses and institutions employing 
50,000 more. But, it will be more than just a demonstration of the practicality of using renewable energy 
technologies on a utility scale. Masdar City will host a vibrant, innovative, community of academics, researchers, 
start-up companies and financiers – all focussed on developing renewable energy and sustainability technologies. 
Low and zero carbon renewable energy technologies are typically applied on a small scale and have, as yet, made 
only a marginal contribution to overall global energy production. Whether it is wind, one of the solar energy 
technologies, biomass or one of the various bio-fuels, real-world applications of renewable energy technologies have 
been relatively small in scale, piece meal (rarely part of integrated power systems) and difficult to finance.  
Advances continue to be made in all these technologies, although not as rapidly, or as consistently, as many have 
hoped. There has been no ‘silver bullet’ and no one seriously engaged in this field is relying on the appearance of 
one anytime soon. That said, cost reductions per unit of power produced are being delivered.  Some forms of wind 
power, depending on location, are now competitive at prices as low as US$40 a barrel of oil equivalent (boe). 
Concentrating solar power, using captured thermal energy for generation, is somewhat more expensive, photovoltaic 
solar, more so. The costs of waste to energy systems vary greatly, depending on particular circumstances. 
The result of this varied pattern of costs, and of cost improvements, has been that renewable technologies have 
not been broadly used in utility scale developments.  They have won some favor in mobile, isolated or off grid 
applications but have not been effectively integrated into infrastructures.   
Masdar City is an attempt to change that pattern.  It brings together Masdar’s aims of integrating various 
applications of existing renewable technologies, the cultivation of an innovative academic and business community, 
and the generation of significant intellectual property in order to position Abu Dhabi as a world leader in renewable 
energy and sustainability. 
2 Mubadala, owned by the Abu Dhabi Government, is an investment company focussed on energy, aerospace, healthcare, infrastructure,
hospitality and real estate. 
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The advantages, and challenges involved in, systems integration 
Scaling up, and systematically integrating, advanced technologies presents considerable challenges but can also 
deliver many benefits, the most important of which are significant economies of scale.  Working on a larger scale 
allows a certain degree of flexibility in both planning and in accounting. 
Integration allows us to derive many benefits which, added together, can make a significant difference.  One 
example is the use of carefully designed and shaded streets and buildings in Masdar City, which will reduce the need 
for air conditioning, and cut electricity demand. Another is the innovative personal rapid transport system3 that will 
move people within the city. There will be no cars or internal combustion engines of any sort within the city. An 
electrically powered, highly integrated, transport system, linked into external networks, will provide mobility.  
Masdar City’s power infrastructure features a range of renewable energy technologies; including a range of 
photovoltaic plants (PV), a concentrating solar thermal power plant (CSP), evacuated thermal tube collectors, and a 
waste-to-energy plant. Each technology has certain characteristics that determine how and when the energy 
produced will be used, its advantages and disadvantages, and, not least, its cost.  One example: Concentrating solar 
plants capture thermal energy, which can be used immediately to generate electricity. Alternatively, we can store 
that heat, the thermal energy, in a salt solution and then use it to generate power later in the daily cycle.  
But CSP has limitations. It requires large amounts of land for the solar collectors, so the plant has to be at some 
distance from the city center. Photovoltaic collectors, which are relatively light and can be placed on rooftops, can 
be integrated into the city’s physical structure.  The limitation on PV is that, when the sun ceases to shine, the power 
stops flowing. Storing PV power is relatively inefficient when compared to storing CSP captured energy, as two 
conversions – power to heat and heat to power – are necessary.  
The solution is to integrate the two technologies in order to maximize the strengths of each.  A connection to the 
Abu Dhabi national power grid will buffer the overproduction of electricity during the day and the shortfall at night.  
The district cooling system will generate one of the most important economies of scale in reducing electricity 
demand.  Relying on large scale electrical and heat driven absorption chillers and a district-scale desiccant-based 
dehumidification network, it will be able to take advantage of a central, heat driven, solar cooling system. So, large-
integration of these renewable energy technologies will deliver significantly more usable power than could be 
obtained by discrete, un-integrated, systems. 
Lowering resource use 
However, the amount of power available will be significantly less than can be obtained using conventional 
hydrocarbon technologies. Masdar City will rely on intelligent design and innovative urban planning in order to cut 
energy consumption by about 70% from that needed for a conventional city under Abu Dhabi’s current conditions. 
Through careful design, including a range of passive design elements – building and street design features that 
deliver significant environmental benefits without requiring any energy – Masdar City’s use of resources will be far 
lower than that in conventionally designed communities. An example of particularly innovative design is the Masdar 
headquarters building. The roof of the building, which will be constructed first, will be provided by an array of PV 
solar collectors.  The power generated by these collectors will then be used for the construction of the rest of the 
building. The design includes large air wells that open above internal courtyards and allow heat generated by 
activities within the building to dissipate. 
The specifications for the facades of all buildings within Masdar City are extremely high. In a very warm climate 
such as Abu Dhabi’s the loss of cooled air entails significant energy costs. By specifying high quality facades and 
shading them from the worst of the day’s heat, we can reduce the need for cooling and for power. These passive 
elements will be supplemented by the latest high-tech monitoring systems, which will be applied in both buildings 
and in utility delivery systems. All Masdar City buildings will be intelligent buildings, incorporating monitoring and 
control systems, which will facilitate the most efficient possible use of resources. The integration of these two 
approaches, passive design elements and intelligent buildings, will deliver the significant reduction in energy 
demand. Typical office demand will significantly fall from conventional design levels. Power savings in residences 
will be even larger.  
3 This will include 2,000 vehicles and 83 stations 
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Integration of environmentally friendly systems and approaches will also deliver other benefits. Through a 
combination of careful control of materials brought onto the site and intensive recycling and waste-to-energy 
technologies, Masdar City will aim for net zero waste.  Water use will be dramatically reduced and much of the 
supply will be recycled.  Physical waste will be managed through an integrated, user-friendly and odorless system. 
Energy will be recovered from materials that have reached the end of their useful life. Biodegradable materials will 
be composted. 
Delivering innovation, new technologies and sustainability 
The delivery of long-term sustainability demands more than just the clever use of existing technologies. The 
heart of Masdar City will house a community of research and development institutions and companies, which will 
focus on innovation and the development of new renewable energy and sustainability technologies. 
Intellectual capital will be developed in world leading academic institutions. The first will be the Masdar 
Institute, a graduate level research institution, which is being developed in cooperation with the Massachusetts 
Institute of Technology (MIT). Linked into other global centers through the Masdar Research Network, the Institute 
will become a center of excellence, spinning off ideas and technologies. This will help generate a community of 
innovative start-up companies that will develop and commercialize the energy technologies that will drive the next 
phase of economic and industrial development.4
To ensure the economic climate is welcoming for start-ups, financiers and innovators of every size, Masdar has 
won free economic status for the city. Under Abu Dhabi law this means all companies based in the city will be tax 
free and will be able to access simplified and quickly available government services. The projected total investment 
in Masdar City is approximately US$24 Billion and development is expected to take up to eight years. It is expected 
that the resident population will rise to about 40,000 in 2018 when the city is complete with another 50,000 
commuting into the city for employment. 
Masdar City is designed to be model for future development. It demonstrates Abu Dhabi’s commitment and 
shows that, innovative thinking and determination, sustainability issues can be addressed in creative ways. 
3. Masdar’s Carbon Capture and Storage (CCS) project  
The second example of Masdar’s approach to developing a low carbon economy is the world’s largest Carbon 
Capture and Storage (CCS) project. Much of the discussion of global climate change revolves around ways to 
decrease the growth in GHG emissions. That is, in itself, a difficult task. Far more difficult, but necessary, is the 
need to actually decrease emissions. Many developed nations have adopted targets to reduce emissions below their 
1990 levels. Given the relatively slow development, and even slower diffusion, of zero carbon technologies, the only 
realistic way to achieve this is through the use of non-carbon generating technologies or through CCS. 
Masdar’s assessment is that CCS is the technology most likely to quickly deliver large-scale reductions in 
anthropogenic CO2 emissions.  When the government of Abu Dhabi launched Masdar in 2006, one of the primary 
aims was to bring about greenhouse gas emission reductions in Abu Dhabi itself, creating a model for developments 
in other countries and regions. This is being achieved through a combination of carbon reduction projects and 
investments in clean technologies.   
The nature and size of Abu Dhabi’s oil reservoirs as well as the short distance between emission sources and oil 
reservoirs create an opportunity for a successful and technically feasible CCS project.  Injection of CO2 into oil 
reservoirs serves two purposes; first it releases for other uses valuable natural gas presently being injected into the 
reservoirs; and second, as the CO2 dissolves in oil and makes it less viscous, its effectiveness is expected to be 
superior to that of natural gas.  
The UAE in general and Abu Dhabi in particular emits large amounts of greenhouse gases due to its extensive 
major industries and energy demand of a developed society with one of the world’s hottest climates.  As in the US, 
the UK, Russia, Canada, Australia, Brazil and a range of other energy producing countries, there is little likelihood 
4 IBM and GE have already committed significant resources. 
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of emissions targets being achieved unless workable CCS technologies are developed. Masdar, fully aware of the 
many technological and financial challenges involved, is tackling this challenge. 
A large-scale CCS project is now being developed.  The aim is, by the end of 2012, to capture five million tons 
of CO2 from power plants and industrial facilities in Abu Dhabi. The CO2 is to be piped to offshore oil fields where, 
in a process known as enhanced oil recovery (EOR), it will be injected to maintain underground pressures and 
increase oil recovery. 
Scope of the project 
National in scope, the Masdar CCS network is designed to establish a pattern for development and help kick off 
Abu Dhabi’s clean power strategy. Its target is to decrease Abu Dhabi’s carbon footprint by a third, and it comprises 
three main elements: CO2 capture from industry, transportation pipelines, and injection in oil reservoirs. It is being 
developed over a multi-phase roadmap, with the feasibility study undertaken in 2007 and the Front End Engineering 
Design (FEED) phase begun in August 2008. First gas is scheduled for 2013. 
Figure 1. Main sources: Boiler and Gas Turbine based power generation 
The project’s primary objective of reducing Abu Dhabi’s carbon footprint by a third, is significant in itself. But 
the overall intention is far more ambitious. The project is key to the drive toward the development of low carbon 
industrial and power industries in Abu Dhabi. It will deliver the first commercial model for a large-scale carbon 
capture technology deployment under the temperature and humidity conditions prevailing in the gulf region 
conditions.  
The project will also drive, and accelerate, the development of carbon capture technologies. By applying them on 
a large scale, the project will provide the right operational conditions to both address challenges and reap economies 
of scale.  
As with other Masdar projects, the key drivers include clear and strong support from the Abu Dhabi Government, 
financing from a government-owned investment vehicle, the opportunities presented by the large-scale oil and gas 
industry, the opportunity for significant emissions reductions as large scale manufacturing and process industries 
operate in the region, low energy costs and the fact that the distances between the emissions sources and the end 
user oil fields are short. The oil industry will gain clear benefits from the maintenance of its EOR programs and the 
release of natural gas for sale. These conditions make Abu Dhabi an excellent test-bed for the economic 
sustainability of a CCS project. 
The challenges 
The technological challenges involved in delivering what will be an innovative, large-scale (country-wide) 
application of a new technology are inevitably considerable. Masdar’s approach to the development of the business 
model is to be the integrator and innovator. Masdar acts as a project manager, pushing the process forward, 
identifying difficulties and bottlenecks, and bringing in the necessary participants and technologies in order to 
deliver a working project by the target date. 
The business structure is necessarily innovative as a number of actors: regulators, emitters and sinks must agree 
to work together in new ways.   
In Abu Dhabi, the emitters targeted in the first phase include a power plant, an aluminum smelter and a steel 
plant (see Table 1 for details). 
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Each has its own day-to-day operational 
requirements and produces emissions of different 
types. They are geographically dispersed, have 
varying annual production cycles. They have different 
financial structures and they also have varying 
management attitudes towards emissions, which are 
only now becoming, a front-of-mind business issue. 
Except for local air pollution considerations, 
management has tended to regard emissions as 
something best forgotten. The Kyoto Protocol, and 
the emergence of a carbon market, particularly in 
Europe, is beginning to change that. But there is still 
some way to go. 
All stakeholders have to adapt their business 
models and their understanding of processes. The 
emitters have to see value where they once saw only 
waste. The oil companies have to be convinced that 
carbon dioxide will perform equally or better than 
natural gas currently injected in oil reservoirs.  
Table 1. Sites from which CO2 will be captured in Phase 1 of the CCS project 
 Type Volume 
(MMTOA CO2)
Technology 
Taweela Power Co 
(TAPCO) 
Boiler based power 
generation 
1.7 Post Combustion Chemical Absorption 
Emirates Steel 
Industry (ESI) 
Iron reduction plant 0.8 No CO2 capture required. Dehydration & 
Compression 
Emirates Aluminum 
(EMAL)  
CCGT based power 
generation 
2.5 Post Combustion Chemical Absorption 
The laws facilitating the development and regulation of this new industry are, in most countries, still non-existent 
or in rough draft form. In Abu Dhabi, Masdar is working with other interested parties and government officials in 
order to get appropriate laws and regulations in place as soon as possible. In this, as in so many other areas, we hope 
to be able to develop sound economic, technical and legal models. 
Evolution of the business model 
The project is currently owned and developed by Masdar, which envisages a spin off into a specific CO2 capture 
and transportation company. This company will build and operate carbon capture plants under specific agreements 
with emitters and transport the CO2 gas to reservoir battery limits. The oil companies will offtake the CO2 under an 
agreement with the capture company and inject it in oil reservoirs for EOR operations.  
The stakeholders involved with the Abu Dhabi CCS project include: oil & gas operators, technology licensors as 
well as engineering and EPC companies. In the future, we expect to involve carbon capture ready power generation 
developers and green industrial zones with integrated carbon capture such as Abu Dhabi’s Khalifa Port and 
Industrial Zone. 
Technological challenges 
Gas capture presents a variety of challenges. Capture of ‘associated gas’ – gas that is produced with oil, is 
relatively simple and cost effective. Associated gas has high concentrations of CO2. Capture of gas from industrial 
processes and power generation plants is more challenging. The constituent elements of flue gases vary and they 
typically have concentrations of CO2 below 10 per cent.  This has significant cost implications (see Figure 3).  
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Petrochem
2.2
3%
Gas
Processing&
Refining
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33%
Power
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Figure 2. Abu Dhabi CO2 sources (by industrial sector) 
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Figure 3: Relationship of Source Stream CO2 Concentration to Capture Cost 
Project status 
A feasibility study conducted in 2007 
identified, evaluated and ranked the 
emissions sources in the emirate, both on 
and offshore. 
The project moved to the front-end 
engineering design (FEED) phase in 
August 2008. CH2M HILL has been 
appointed project management consultant 
and Mustang Engineering, the FEED 
contractor.  The FEED phase is to be 
completed by the fall of 2009. The system, 
as currently envisaged, will consist of three 
sites: two CO2 capture plants with amine-
based chemical absorption technology (one 
with a 1.7 million ton a year capacity from 
boiler-based power generation, the other capable of processing 2.5 million tons from gas turbine-based power 
generation), and a CO2 dehydration and compression unit receiving CO2 emitted at a steel manufacturing plant with 
a capacity of 800,000 tons per year as well as a 300 kilometer CO2 pipeline network to carry the CO2 to injection 
sites.
Concurrently with the FEED phase, we are undertaking a detailed evaluation of flue gas CO2 capture 
technologies and their various strengths and capabilities.  
Technology Developments 
Masdar’s CCS project is premised on the application of existing commercial CO2 capture technologies, which are 
likely to improve in efficiency in coming years. Research and development activities aimed at improving the energy 
efficiency of the existing amine-based CO2 capture technologies, are underway globally.  There is also intense 
activity in technologies involving gasification, hydrogen use as a gas turbine fuel, oxygen-enriched combustion, flue 
gas recycle and membrane CO2 separation.  Any one of these, or a combination of them with better heat integration 
with CO2 sources, could eventually result in a 10-20% reduction in CO2 capture operating costs.  
Along with the CCS projects, there is a need to incorporate CO2 capture in the planning of future power and 
industrial projects in Abu Dhabi.  In parallel, there is a need to actively support and promote CCS research and 
development, with both existing and emerging power generation and carbon capture technologies.   
Abu Dhabi’s industrial structure gives it many of the key success factors for CO2 capture and storage.  Energy 
costs, a crucial factor in CO2 capture, are relatively low in the UAE compared to Europe or North America.  Large 
nearby oil reservoirs provide CO2 storage and the opportunity for Enhanced Oil Recovery projects to generate 
revenue from CO2 storage.  Overall, Abu Dhabi has the ability to kickoff CCS technology to higher levels and the 
potential to become a leader in this field.  
4. Conclusion
Masdar City and the Abu Dhabi CCS project embody and demonstrate the main principles underlying the Masdar 
Initiative. The Abu Dhabi Government has made a carefully considered decision that aims to establish the 
framework for the low carbon economy, which will develop as this century unfolds.     
It seeks to become a model for what can be achieved in other countries, at various levels of economic 
development.  Global climate change is one of the most urgent challenges facing humanity today.  Sustainable 
development is no longer an option; it is the only way forward. 
Both Masdar City and the CCS project tackle elements of this challenge in innovative ways. The aim is to 
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develop solutions and identify opportunities, while dealing with the many challenges that arise.  Masdar’s role is to 
scale up technologies, helping industry identify problems and develop solutions for them.  Sustainability 
technologies, including renewable energy and carbon storage, have been worked in laboratories and in small scale 
projects. Now is the time to show that they can work on a large scale, making a significant difference globally. 
This approach is strategic: Masdar aims to become a world-leading technology integrator, a company capable of 
delivering highly complex, technologically challenging, environmental solutions on a significant industrial scale.  
This strategy will deliver significant long-term economic and technological benefits, both to Masdar and Abu 
Dhabi. In the process of generating the technological and organizational solutions needed to deliver these projects, 
Masdar will develop and acquire the needed expertise and intellectual property. This human capital, Masdar’s pool 
of talent and knowledge, will allow Masdar to grow and become a sophisticated driver of low carbon economic 
development in the UAE, the region and the world. 
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